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"[Moaeling the Connections
:~etWeenWord Recognition

and Reading
Marilyn Jager Adams

~l~ur~b~ding is the product of an amazingly complex array of know 1­
~Q,ge~ndabilities. How is it, then, that so much of the scientific litera­

i&r~on"readingis centered on word recognition? One answer is that the
'lafke~;the scientific sophistication to go much beyond words; another,
,)8 thatyntil, we truly began to understand the relation of words, to the
ereadinp process, we were hard pressed to move on.

e, the ability to recognize words is but a tiny component of the larger
cpallenge.Also true, the knowledge and activities involved in visually
ingindividual printed words are useless in and of themselves. And

~e, wo~dtecognition isonly valuable and,in a strong sense, only pos­
itis received and guided by the larger activities of language comprehen-
thought:

q~theot~erhand, unless the processes involved in individual-word recog­

operatepr(jperly, nothing else in the system can either. The purpose of
'de is to explore the relationship between word recognition and literacy. It

yer, to show how scientific efforts to understand these relationships
~htus ever closer to a larger understanding of the nature of reading.

,pperation of the Reading System
jiy'therel~tion of word-recognition processes to the rest of the system,

y mightbe useful. Let's say that the system that supports our ability to
1~#.Wlthillthis analogy, print is gas. The engine and the mechanics of

,ate ,theperceptual and conceptual machinery that make the systemrun.

',s;obviousthatprint is essential to reading-no gas, no driving. But print
~?tenoug~ to make the reading car go. Reading cannot begin without

.,iR.Il, Ruddell,M.R., & Singer, H. (Eds.), Theoretical Models and Processes of Reading (4th ed.,
,:Copyright© 1994by the International Reading Association.
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What Do Skillful Readers Do?

;~rbapsihesingle most striking characteristic of skillful readers is the speed

effortlessness with which they breeze through text. The rate at which they
typicaIlyexceeds five words per second (Rayner & Pollatsek, 1987). Indeed,
appeario recognize whole words at a glance, gleaning their appropriate
'gat once (Cattell, 1885). How do they do so?

available the cognitive energy and resources on which true comprehension de­

cp,eI19s,,9~ly,to that extent can the reader have the perspective and capacity to'frflt;pt~pon th.ejourney.

',,,::~s~~happens, everybody wants to go somewhere. Everybody Wants the

stimulaq91l,ofnew challenges and the sense of growth and accomplishment that
BOIPt;~)vithiGonqueringthem. Understandably, if reading seems tedious or un­

Pf,()d~ftiye,children will seek other ways to spend their time; indeed, they may

~~oidit t;lItogether. In a recent survey of fourth graders, 40% of the poor readers
clai,l11edthat they would rather clean their rooms than read. One child stated,
"I'clr~iherclean the mold around the bathtub than read" (luel, 1988).

"Fortunately, for purposes of schooling, most young children will go almost
iinywherethey are led-so long as they are neither frustrated nor bored. But even

as thiseases our task as reading educators, it greatly increases our responsibili­
ty;It is up to us to lead our children in the right direction.

,And it is here that the car analogy breaks down. So apt for describing the
;dperatiouof the system, it is wholly inappropriate for modeling its acquisition.
Bllildin'g'acar is a modular, hierarchical activity. From the bottom up, the dis­

creteand Countable parts of the car's subsystems are fastened together; then,
onebyone, from the inside out and only as each is completed, the subsystems are
connected to one another. In contrast, the parts of the reading system are not

£liscrete~Wecannot proceed by completing each one in isolation and then fas­

teningit to another. Rather, the parts of the reading system must grow together.
They must grow to and from one another.

For the connections and eVen the connected parts to develop properly, they
mustbe linked in the very course of their acquisition. And this dependency works
in.bothdirections. We cannot properly develop the higher-order processes with­

putduel1ttention to the lower; nor can we focus on the lower-order processes

iAw,ithoutconstantly clarifying and exercising their connections to the higher.
iU!' " Thy great challenge for reading educators, therefore, is one of understand­

fugJheparts of the system and their interrelations. In this article, I will focus on
.:ent.m0del~of skillful readers. What special kinds of knowledge do skillful

'ersbave?How is it organized and what are the processes that bring it into

?;\nd,how does our evolving understanding of skillful readers help us un-
',rstaljd~elearningproeess and its difficulties? .

the spark of visual recognition. And just as cars are designed with more than one

spark plug, so the reading system is designed to take in the physically separable

pieces of print not one at a time, but in intricately coordinated concert. Like the

crankshaft in a car, the reader's learned associations among letters and words keep

the reading car rolling despite problems that might arise: The occasionall~tter that
is misperceived or even illegible does not stop the reading machine any more

than the occasional misfire of a spark plug or impurity in the gas will stop a car.
Even so, the engine is only indirectly responsible for making the car go. Theen­

gine turns gas into kinetic energy, and the energy turns the wheels. Similarly, the
perceptual system turns plint to mental energy, such that it can be understood.

Obviously a car couldn't be driven without gas, without spark plugs, with­

out a crankshaft, and without a differential and wheels. But it is also important'

to recognize that a car wouldn't be driven if it didn't run well. Imagine that you

had to push a button every time you wanted a spark plug to fire. Im!~ginetilat

the car would only go a couple of miles per hour or that it stalled urip~dictably

every few moments. You would very likely choose not to drive at alLThese prob;
lems are analogous to the difficulties that must befall the reader wI}6ea'nilottrans­
form plint to language and meaning with reasonable speed and ease. In particular

if a child's word-recognition skills are sufficiently poor, the time arid effortih1

volved in reading may well overwhelm its hoped-for rewards. If so, the Ghild'j
likely to choose not to read at all. And here is the tragedy: To the extent t

"""",(,)';'101

children do not read, they forfeit the practice and experience needed to make

reading easier and more profitable. To the extent that children do not read, theY'
can only continue to have diffiCulty reading, to fall farther and farther behirlct

their peers in both reading and the conceptual returns it offers (see, kspeciallj,'
Stanovich, 1986, 1993). • ',,;

Clearly, without gas and without an engine and mechanics in ade~~a,ter

working order, the car will not go. Suppose, however, that your reading systemIC
has plenty of print to consume and a fine mechanical system. Are you ollyoui'.,
way? No. First, you have to want to go somewhere, and you have t? have some:>
idea of how to get there. As you tr~vel, you must monitor and control YCJUrp;rth{ .'

Periodically, you must assess your whereabouts and progress with respect to your

final destination. At the same time, you must attend to the local details of ther()~1

and control your car through them. Indeed, the amount of active attention,
will have to devote to your immediate progress will necessarily depend Qns,\

variables as the navigability of the route-how far you can see ahead and wheel

the way is bumpy, winding, congested, or unpredictable-and its familiarity,
,Similarly, if texts are difficult in wording or structure or unfami¥ar in co

cept, they require the active attention ofthe reader. But the moreo,ne mustdV~
attention to local difficulties of reading, the less attention one has available tosu

port larger understanding. Only to the extent that the ability torecogni~ea
capture the meaning of print is rapid, effortless, and automatic canth,,: reader4~',

1""'A ArlnM'1('
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The last word of each of these sentences is, in itself, ambiguous-but would

you have noticed if that hadn't been pointed out? Although it feels as though con­

text preselects the appropriate meanings of such words, that is not exactly what
happens. Research demonstrates that all the meanings of an ambiguous word

are'aroused in the course of perception. Very shortly (within tenths of a second)
quickly for us to become aware of the confusion--context selects

themost appropriate meaning from among the alternatives. (For a l;eview of re­
in this area, see Seidenberg et aI., 1982.)

Finally, research proves that skillful readers habitually translate spellings
tbs6tinds as they read (see Barron, 1981a, 1981b; Patterson & Coltheart, 1987).

But:why? If visually familiar words do indeed activate their meanings directly for
readers..:--.andthey do-then of what conceivable value are such phonological

. translations? The answer to this question has come only through many years of
work and many research studies: Such spelling-to-sound translations are vital to

bothfIuent reading and its acquisition. To see why, we must look more deeply
intothe reading system.

;,"Research also negates the notion that skillful readers use contextual guid­
ance to preselect the meanings of the words they will read. Consider the foIIow­
ill&sentences:

They all rose.

John saw several spiders, roaches, and bugs.

Modeling the Reading System: Four Processors

Thepurpose of models is to combine findings from many studies into a single,
coherent system. Because a usefully detailed model lays bare those spots where
assumptions are not supported by research, it is an extremely valuable scientific

tool.In particular, where the model's pieces seem to fit in more than one way or
notto fit at all, the researcher must conclude that some assumption is awry or that
someimportant consideration has been overlooked. Gradually, through the cycli­
calprocess of modeling, assessing, and gathering new data, researchers gain an
evermore refined and complete image of the parts of a system and how they mustworktogether.

By developing more comprehensive models of the nature of the reading
system and the intelTelations of its parts, researchers have strived to understand
thereading process as a whole. Anchored in psychological research and built

through laboratory studies and simulations, contemporary models of reading are

complex. However, it is because they have been developed with such analytic
carethat their instructional implications carry special weight.

Indeed, because they move beyond the boundaries of our field to exploit
advances in logical, mathematical, and computational sciences, recent models

appearprovocatively capable of mimicking the processes of reading and leaming

Some Answers From Research

Each of these notions has been seriously entertained by researchers at one time or

another, and the instructional implications of each are realized prominently in
many curricula and classroom practices. Under scmtiny, however, each of these

notions has been proved incorrect. More than that, each has been proved incor­

rect in ways that strongly argue against their instructional translations.

As it turns out, research has long shown that skillful readers are relatively

indifferent to the shapes of the words they read (see Woodworth, 1938): Even

when the letters that make them up are randomly sampled from a variety oftype

styles and sizes in both uppercase and lowercase fonts, skillful readers seem to

recognize familiar words as wholes (Adams, 1979a). At the same time, skillful
readers visually process virtually every letter of every word as they read; thisis

tme whether they are reading isolated words or meaningful, connected text-and,

surprise of surprises, it is even tme when they are reading cursive hand",riting
(De Zuniga, Humphreys, & Evett, 1991). To be sure, skillful readers rarely think

about individual letters or words as they read. At a conscious level, they may

not even notice flagrant misspellings or misprints. But studies show that, con­

scious or not, letter recognition is integral to the reading process and that eventhe

slightest misprint, tucked deep within a long and highly predictable word, tenps

to be detected by the visual systems of skillful readers; detection is signaled by

readers' eyes flicking back to the misprint to make sure the type was

reedy (McConkie & Zola, 1981).

1222 Adams

Some Questions

Do skillful readers, in fact, recognize words as wholes? In.recognizinganirtdi­

vidual word, do readers depend on its overall pattern or shape rather thClll'~ny
closer analysis of the letters within it? If so, then doesn't it seem counteijJroduc,.
tive to train children to focus on the letter-by-Ietter spellings of words?'·"

Do skillful readers access the meaning of a word directly from

so, then doesn't it seem counterproductive to teach children to sound

Do skillful readers use context to anticipate upcoming words so
duce the visual detail they need from the text? If so, then in place of

decoding instruction, wouldn't it be better to teach children to use

gether with such minimal distinguishing cues of words as first letters anq9ver­
all length?

Do skillful readers use context to anticipate the words they will see,
that their comprehension consists as much of confrrming as of interpreting

meanings? If so, then shouldn't a central focus of beginning reading

be one of discouraging children's tendency to pore over the separate

and of strengthening their ability to guess the words instead?
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!, For the skillful reader, as the letters ofa word in fixation are recognized,

:~eyactivate the spelling patterns, pronunciations, and meanings with which they
ir~compatible. At the same time, using its larger knowledge of the text, the
cimtextprocessor Swings its own bias among rival candidates so as to maintain

hkcohere~ce of the message. Meanwhile, as each processor homes in on the
Word'sidentity,it relays its progress back to the others such that wherever hy­
iothes~sagreeamong processors, their resolution is speeded and strengthened.
'/:')n this way, speed and fluency are seen as an emergent property of the

'aturereadingsystem. With recognition initiated by the print on the page and
' enedby the connectivity both within and between the processors, skillful

ersaccesS the spelling, sound, meaning, and contextual role of a familiar

da1~'bstautomatically and simultaneously. But note: Speed and fluency are

just an outgrowth of skillful reading; they are necessary for its happening.
' ndeistandbetter the knowledge and processes involved, let us examineofllie processors in turn.
'~"' ..

neOrthographic Processor

'(jbefluerltimdproductive, reading depends no more on recognizing words than
astuteaildflexible consideration of the linguistic and conceptual contexts in

A ..1~,,,,.~•..11"'\"111

to read. These newer models, alternatively known as connectionist, n.eural net,'

or parallel distributed processing (PDP) models, are built on theassuniption that:
learning progresses as the learner comes to respond to the relationships'among
patterns or events. It is, for example, the overlearned relations amongjts sides>

that enables recognition of a triangle, just as it is the overlearned relation~among
its letters that enables recognition of a word. Similarly, it is the relations,among)

the pitch, timing, and quality of its notes that evoke interest ina piece of Pill sic'

just as it is the relations among the meanings of its words that give texture and "
meaning to a sentence. (For a description of the logic and dynamics of thes~Illo4,~:

els, see Rumelhart & McClelland, 1986; for an exploration of their pertinencciii
to reading, see Adams, 1990, and Seidenberg & McClelland, 1989; fOradi~C1IS~\
sion of their general importance and potential, see Bereiter, 1991).,1,

The power of these models derives from the fact that they are,llejther top
down nor bottom up in nature. Instead, all relevant processes they include are'

simultaneously active and interactive; all simultaneously issue and accommodate
information to and from one another. The key to these models, in other word~;

is not the dominance of one set of processes over the others, but the cOQrdill

tion and cooperation of aU as shaped by the reader's own prior knowledgel\ll
experience.

As adapted to the reading situation, the grand logic of these model~js

schematized in Figure 1 (see Adams, 1990, for a fuller description and discussion),'

Within each of the "processors," knowledge is represented by many simplerunits/i
that have become linked to, connected with, or associated with one another:

through experience. The oval labeled orthographic processor, for example, rep"'i
resents the reader's knowledge of the visual images of words. Within it; individ",

ual letters are represented as interconnected bundles of more elementary visu~:
features, while printed words are represented as interconnected sets of letters.,
Similarly, the meanings of a familiar word are represented in the meaning proce{'

SOl'as bundles of simpler meaning elements, just as its pronunciation is repre,'

sented in the phonological processor as a complex of elementary speech soundS,',)
I introduced the term "processors" in quotation marks so asto emphasiz~

that it is mostly for descriptive convenience that the different types have beensepf;­
arated one from another. The associations among pieces of knowledge dependno(

on the "processor" in which each resides, but on the ways in which they hav~bet,

come intelTelated or connected through experience. Indeed, the links'among(lJlY;
set of representational units are nothing more than a cumulative record of thewayi

in which those units have been related to one another in a person's experienceirlii

more frequently a pattern of activity has been brought to mind, the strongerartl
more complete will be the bonds that hold it together. Ultimately it is thesebon,.

these interrelations-as they pass excitation and inhibition among the ele
that they link together-that are responsible for the fluency 6f the reader
seeming coherence of the text.



which they occur. Indeed, the whole point of the model outlined above istllat,
in skillful reading, the mind works interactively and in parallel with as many cues:
and clues as it can recognize as relevant.

Nevertheless, as illustrated in Figure 1, the orthographic processor alon~>

receives information directly from the printed page. By implication, the lette~~
and words of text constitute the basic perceptual data of reading, and this is ask

should be. After all, the words on the page are authors' principal means, of con;,

veying their message. It will not do for readers to ignore them, nor will guessing
suffice: Even skillful adults are unable to guess correctly more than 25%ofthei

time (Gough, Alford, & Holley-Wilcox, 1981).
For skillful readers, meaningful text is read through what is essentially (ini\

English) a1eft-to-right, line-by-line, word-by-word process. In general, skillfuLJ;
readers visually process virtually each letter of every word they read, translating;;

print to speech as they go. They do so whether they are reading isolated, word§>
or meaningful, connected text. They do so regardless of the ease or difficultygf

the text, regardless of its semantic, syntactic, or orthographic predictability. Tl1e~:~,;

may be no more broadly or diversely replicated set of findings in modem cp ; .•...

tive psychology than those that show that skillful readers visually process n~:.

ly every letter and wordof text as they read. (For reviews, see Adams, 199
Patterson & Coltheart, 1987.)

Eye movement research informs us that our eyes do not move smoot1¥

through the lines of text while we read. Instead, they leap from word toword,fu;

ating briefly toward the center of each and then jumping to the next. Occasionally;
readers do skip a word, but almost never more than one. Further, the w()rds·that<

are skipped tend rather exclusively to be short function words such as of, a'an~
to. Many function words and the vast majority of content words receivereade#l

direct gaze. (For a review, see Just & Carpenter, 1987.) ..• i

With normal print, the eye can clearly resolve up to three or soletterst;;t1l~

left of its fixation point and about twice that many to the right duringeaciiff,X~'
tion. With these letters as its basic data, the system goes to \york.TQ see 49W, it

proceeds, let us consider two exampleS. First, suppose the reader's eye lan4~d;1
the word the. Because the is a frequently occurring and familiarword,alLo{jts
letters should be strongly interconnected within the reader'sOlthographifme~:

ory. As the reader looks at the word, the units correspondingto'eachof~~ '
ters receive visual stimulation from the page. Because the units are S()strougly
interconnected in the reader's memory, each will pass stimulation totheo~er~,

causing all to be recognized nearly at once and to hang together in the re~der;$

, ,.. :(.'.-"/'.-'

mind as a familiar, cohesive spelling pattern.
Now suppose instead that the eye lands upon the nonwordtqe.Bec~us~

this string of letters is so similar to the word the, the reader~s orthographic)

ory will attempt to process it in the same way. That is, the t and eum,ts 'YUJ.

stimulation to each other; they also will pass stimulation to the hunit.·This(i.,

\

however, because the h receives no direct visual stimulation, it cannot pass any

back.At the same time, because q is almost always followed by u in English, the

. '.'q unitwill pass its stimulation to the unit for the absent u. As the directly stimu­

·'lateciletter. units send their activation inappropriately around the letter network,

> (lleyend up hurting rather than helping one another's progress. Eventually the

....'directvisuaI stimulation from the page will bring each of the presented letters to

. peakstimulation, and the reader will see the string as printed: tqe. However, the

,perceptionof each letter will have taken longer and will have gelled independ­

entlyofthe others (McClelland & Rumelhart, 1981).
Through experience, the associative network comes to respond not just to

~ext,dooineighbots but also to the larger sequences and patterns of letters that

represeritwhole, familiar words. And eventually, through its overlapping repre­
sentationofmany, many different words, it becomes rf{sponsive to common
spelIingpatterns independently of the particular words in which they occur.
Ultimately,it is the learned associations between and among individual letters

.thatare'tesponsiblefor the easy, holistic manner in which skillful readers respond

()printedwords; It is because of them that familiar words and spelling patterns
easierto read than the sum of their parts.

Yetlhe interletter associations provide other services that are of equal im­

p.~rtancet()the reader. These services include processing letter order and break­
~gwordsintO syllables.
"':'i';::-i·

prgcessingLetter Order. Although the visual system is remarkably efficient
~textractinginformation necessary for letter identification, it is quite sloppy

apoutprocessingletter order. This is a physical limitation, affecting skillful read-
.etsasmuch as unskilled ones (Estes, 1977). Nevertheless, skillful readers al­

nlostnevermake mistakes in reporting the order of the letters in words they read;

pQorreaders,in contrast, may often do so. Although letter-order difficulties
\'iereoncetakenas symptomatic of a basic perceptual deficit, that explanation has

Mell:provellincorrect(Liberman et aI., 1971). Such difficulties seem instead to
r~fiectins.\ifficientorthographic learning. Specifically, among skillful readers,

~pwledgeilboutthe likely ordering of a string of letters is captured in the learned
,~S:Qciationsbetweenthem. In the very course of perception, therefore, this
' ..'wledgeserves to corroborate the sensory system's noisy transmission oflet­

er; In keeping with this view, good readers rarely err in reporting the or­

theletters in either real words or regularly spelled nonwords (such as bome

ve).Yet when faced with orthographically irregular strings such as gtsi or

,.theymake just as many ordering errors as do poor readers-even more if

wereexpecting to see a regularly spelled string (Adams, 1979b).
Thereare several ways in which readers can conquer the letter-order prob­

I~venwithout well-developed interIetter associations. One is to stick with

fthat is sufficiently large and spaced out so that no two letters will share the

Modeling the Connections Between Word Rpf'nan;f;rm n"A Dh."l;---
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same physical input channel; no doubt this is the underlying reason fo'r oUrtilne·
honored practice of settfng primers in large type. Another is for readers to iIl+
crease the number or duration of their fixations on each word. In keeping with

this, note that prolonged and repeated fixations on words are characterlsticof"

young and disabled readers (Just & Carpenter, 1987). In the long turi; however,' <

the only efficient and reliable way around this difficulty is for readers to leafu,
more about likely and unlikely sequences of letters in the words of theirlangu'age;

Eventually, this knowledge will come to compensate for the visual s)'stem1sin­
herent difficulty with letter order.'i't,,< ,<'r

Breaking Words Into Syllables. Struggle as they might, poor readerscharaci'i<

teristically block on long, polysyllabic words-even when those wordsardac
miliar within their oral vocabulary. In contrast, skillful readers rarelyeJl:perienyeii

such difficulty. As an example, try reading the following: trypsinogen,anfrap-< ,',

tuosity, prolegomenous, interfascicular. Although none of these words,maybe\
familiar to you, chances are that your attempts to read them were relatively;f°rth"", '

coming as well as correct, or nearly so. Moreover, if you listenedcarefunytoL',,)~:.

your reading performance, you may have heard yourself producing thelIl in,a .
manner much closer to syllable by syllable than holistically or letter by letter.

It turns out that skillful readers' abilit to read Ion words dependsiinsep~

arably on their ability to break the words into syllables (Mewhort&; Camp e ,
198 ,an t IS IS true for familiar as well as unfamiliar words. Laboratory stud­

ies prove that skillful readers break words into syllables automatically and in
the very course~ng their letters. Themeans by which skillful [eaders do
this are again rooted in their overlearned knowledge about likely and unlikelyse­

quences of letters. More specifically, for any language that is basically alpha­
betic, strings of speech sounds that can be co articulated tend to be represented

by frequent sequences of letters, while those that cannot, are not. As an exam­

pIe, the spoken sequence Idr __ 1 is a frequent and pronounceable form in
English-as in drag, dress, drip, and drove-while Idn_1 is not ConsisteJ;lt
with this, the letter sequence dr_ is 40 times more likely to occur inl'rint than',

the sequence dn_ (Mayzner & Tresselt, 1965). Through the learned associac ';--~--------,,'

-!ions in the reader's letter-recognition network, the letters d and r will au~/+
cally boost each other's perceptibility when seen in print, while the letters d and>

~~~ ~
- Thelmportance of this difference is that, although unlikely letter sequences'

such as dn cannot occur within the same syllable, they can and do occur at sylla.i

ble bounda~s (for example, midnight, baldness, kidnap, Sidney). As thereadei"<
processes such words, the likely combinations of letters promote and attract One'
another, emerging perceptually as a cohesive spelling pattern. At the same time,
however, the unlikely pairs inhibit and repel each other, thus pushing separate

syllables apart As a result, the perceived letters are tightly bound to oneanotherT

withinsyllables but somewhat detached at the boundalies between syllables. In

thisway; polysyllabic words are perceived as sequences of spelling patterns cor­
"respondingto syllabic units.

At this point, a word of caution is warranted. The knowledge underlying..

,automatic syllabification skills cannot be directly instilled. To ask children to

studyunlikely letter pairs would be counterproductive: It would serve to increase
iJhe,strength of the associations between such letters in memory, which is just

i,theopp()site of whatis needed. Beyond that, one cannot hope to specify spelling
patter.n~corresponding to syllabic units or their boundaries independent of the
largerQrthographic context in which they occur. That is, one cannot take any giv­
enletter stling-say, par-and proclaim it to be a syllabic unit. Sometimes it will

';be(patrri(ll, par-take), and sometimes it will not (part-Iy,pa-rade).Insyllabify­
ingwords, the orthogra hic rocessor res onds to the relative stren ths of the in­

ii_er etterassociations (Adams, 1981; Seidenberg, 1987). Using knowledge of

siDlplel~ttersequences as well as larger letter patterns (for example,fa-ther

;yer~u,~fa~-head),it breaks a word into syllables not at predesignated junctures bm:
,at the.weakest li~ between letters. It can do so only to the extentthat the reader

has aC9u~~d aj?road and deep laiowledge of orthograPllY. Meanwhile, there is
DmchJ()recommend that oft-used technique of helping children penetrate those

troHbl~spmelong words by uncovering them syllable by syllable as they read.

,Helping Beginners. Before leaving this section, it is worth reflecting that all
theorthographic processor's magic presumes a deep and ready knowledge of
theletterwise spellings of words. Quick, holistic word recognition, comfort with

grown-up---sizedprint, automatic syllabification, morphemicsensitivity __ all of
thesedepend on such knowledge. At the same time; research indicates that dif­

ficultiesal the level of letter and word recognition are the single most pervasive
and debilitating cause of reading disability (Perfetti, 1985; Stanovich, 1986;

Vellutino;1991; Vernon, 1971).

'Fortunately, theory and research also affirm that human memory is well de­

signedfor learning about such relations among letters-but only if it is induced to

'atteii'"dto them in the course of perception. Here, then, is a problem. In general, chil­
drenseem disposed to view words not as ordered and analyzable strings of letters
butholistically, rather like pictures (Byrne, 1992; Masonheimer, Drum, & Ehri,
1984). Indeed, given a good visual memory, children have shown themselves able

torecognize several thousand words through this approach (Juel, 1991). But can

,theylearn 50,000? And when they find they cannot, how difficult--cognitively an
emotionany~will it be to effect repairs?

Beginning reading is quite difficult for some children. One of the reasons

issurely that the knowledge to respond instantly, effortlessly, and accurately to

frequentwords and spelling patterns involves an impressive amount of percep­
tl!allearning. Regardless of intelligence, effort, rearing, or desire, this learning

Modeling the Connections Between Word Recognition and Reading 1229



settles in more quickly for some children than for others. There aremany\Vay~to

support this learning-including writing, spelling, and phonics instruction;
tience; encouragement; and lots of beneath-frustration-level reading and reread"'

ing. However, research argues firmly that there is no substitute for it.

The Context Processor
The context processor is in charge of constructing a coherent, ongoing interpre"

tation of the text. In particular, it is responsible for priming and selectiIlgWord

meanings that are appropriate to the text. This is important not just for blatantly'>
ambiguous words (such as soccer ball versus inaugural ball) but, to a lesserex."i,"
tent, for almost any word.

As an example, consider the word Wyoming. People in the United States

~ight consider Wyoming to have a unique and stable meaning as a proP'eriloun.,;'
N eveliheless, its mention brings very different images to mind in a discussion of "

presidential campaign strategies and electoral college votes than itdoesitl:l
discussion of beautiful national parks. In fact, both of these images-and many

more besides-are partof the total array of meaning that each ofusissoci~tes'd

with the word Wyoming. We are able to follow discussions OfWybining',Vit~t
understanding because the context processor selectively emphasizes those,lls~'·.
peets of a word's total meanirtg that are relevant to its ongoing interpretation;')'))

In ~, the context processor works by sending its own stimulation t2...2"(
the meanings that it expects. This extra stimulation boosts the contex,tually a,11.".'-:..=.......::..--.:...-:::...---:---::--_. - "'-
propriate, dimension§j2.f .a word's meaning, causing them to dominate the reader's"" '
interpretation of the text. Yet even while the context processor facilitates tqe ••

, reader's awareness of appropriate words and meanings, it does not prevent stim~,

ulation of inappropriate ones. To use an earlier example, given a sentence sucha~'

John saw several spiders, roaches, and bugs, people very briefly show siglls(bul"

not conscious awareness) of having interpreted the lastword to mean both "insects"
and "spying devices" (Seidenberg et aI., 1982). Alternatively, given a sentence,

such as At the jarmstand, we got tomatoes, squash, and corn on the_,,_'" theread;:'"
er may quite automatically-thanks to the' context processor--:,expecttheword'

cob. But if the complete sentence turns out, instead, to read, Atthejarmstand;t't
we got tomatoes, squash, and corn on the car, that expectation would be quickly:,},

overridden. And, nearly as quickly, the context processor would also revise thel,,:
reader's understanding of the situation so it meets the text.

For skillful readers, the role of context is not to displace of sripplantth~
information on the page; it is, instead, to help the reader make the mostofthatin;i,
formation, as quickly and efficiently as possible. To that end, it isnecessarily'C
the author's words that must take precedence. Consistent with this, study after

study has shown that context significantly affects the speed or accuracy with'

which skillful readers perceive familiar words only when the experimenter
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done something to slow or disrupt the orthographic processing of the word (see,
e:g:,Stanovich, 1980, 1984).

"Provided that a text is not too difficl!It, beginners, like skillful readers, are

naturally attuned to its linguistic and semantic flow as they read. Further, as long
asthe stories are simple and until the processes involved in visual word recognition

,'""artHairlywell developed, many readers filid that they often can guess the identity
';Ofawordas accurately and more easily than they can decode it. For these rea-

':' sons;ithas been found that among young and disabled readers, word-recognition.
i,perfonnance is especially sensitive to context and contextually a12propriate sub- "
'~tution errors are frequent Q!ee, e.g:, Biemiller, 1970; Weber, 1970).
", Although such sensitivity to context can only be a good sign, its dominance

isa symptom that orthographic processing is proceeding neither quickly nor com­
.pletelyenough to do its job. Bnt, one might ask, is this reason for concern? If

the cb.ildtenare grasping the meaning of the text well enough to fill in the blanks,

WenCIearlythey are reading thoughtfully and strategically. If so, is there any rea­;soIlJointervene?

,Ii,' Asyou ponder these questions, I ask you to add the following considera­

!ioiLAs the' purpose of classroom texts shifts from one of learning to read to

oneof reading to learn, children will increasingly encounter words they do not

:fecognize in contexts that do not help. Very often, however, it will be precisely
/, theseunknown words-isosceles, circumference, photosynthesis, Antarctica,
, equatdr":-that are most central to the point of the lesson.

Research shows that as children move a little further into the reading
{:;l)roces~":-usual1y toward the end of first grade 0)." the beginning of second-
i'they often turn what seems disproportionate attention to the individual words on

thepage. Suddenly, they start reading there for three, was for saw, and from for
,form; the effort they invest in reading a word seems unrelieved by the most ob­

:/ viousof contextual cues; their rnisreadings, while graphically related to the print
,onthepage, may often be wholly inappropriate in context; and they may devel-

TOp atendency to stare at difficult wOl'ds without responding at all.

i, For different children, these tendencies may be more or less pronounced

~ndmaypersist for longer or shorter periods. Nevertheless, as Downing (1979)
explains,these tendencies reflect a necessary and highly functional phase in the

acquisitionof any complex skill. The only way for the visual system to learn

Jaboutthe spellings of words is by devoting attention to them.,b.s the spellings
,'wmore andmore words are internalized, decoding will become more and more

:~~utomatic,andonly when it becomes automatic can it properly Work in conceli,
ratherthanin competition, with contextual processing. Meanwhile, the ins truc­

ti~lla1challengeis not to quash this phase but to help children through it as etIi­

eiehtly,effectively, and supportively as possible. To this end, there may be no

ieUermeansthanencouraging a lot of reading and rereading of interesting andJeilbth-frustration_level text.
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. iIlcr(laseof 800 to 1,200 new words each year through reading. Learning from
contextaccordingly accounts for a substantial fraction of the 3,000 new words that

cWclre;nare, on average, expected to master each year (Miller & Gildea, 1987).
'TIlisresearch sheds light on some of the most striking differences observed

, ,inchildren' s conceptual growth. The estimates above are based on the average
ireader',Some children read millions and millions of words of text each year; their

>yocabularies are expected to be strong. At the same time, others read practically

,]:lothingat all outside of school. Over all, Nagy, Anderson, and Herman (1987)

~~timatethat the 90th percentile student reads about 200 times more text per
ye¥ thW1the 10th percentile student does. Learning begets learning. The amount
thatchildren read influences not only their vocabulary growth but also the coU::­
ceptualandlinguistic knowledge that enables that growth and makes it useful.--"::"'_~-=--_"':'-'-:::''"--------'''-------
DirectVocabulary Instruction .. Beyond such learning through reading, direct vo­
dabulatyinstruction has been shown to result in a general increase in both word
,hlOwledgeand reading comprehension (Stahl & Fairbanks, 1986). To be mostef­

:fective,suchinstruction should include a number of examples of the word's usage
in contextin addition to definitional information. Research has shown that in di­

rectvocabulary instruction as in incidentalleaming, the number of times children
:ncounteraword is a strong predictor of how well they learn it. But almost as im­

JoItantasthe number of encounters is the richness and variety of the contexts in

whichthe word appears. Of particular interest is the [mding that through rich and

idiverseexperiences with a word, children appear to gain a special advantage in

understandingits connotations or submeanings in specific contexts and in exploit­
mgitsextended meaning in text comprehension (McKeown et al., 1985).

P,refixes, Suffixes, and Roots. The direct link between the orthographic and
.meaningprocessors also may be responsible for skillful readers' perceptual sensi­

9vitytotbe roots and affIXesof polysyllabic words (see Fowler, Napps, & Feldman,
W8S; Manelis& Tharp, 1977; Taft, 1985; Tyler & Nagy, 1987). Moreover, tins link

Pcromptsthe idea that teaching children about derivational morphologies might be a
~efulsteptoward both spelling and vocabulary development.

pi " For example, once one sees that concurrent consists of "with" (con-) plus
~urrent,the word is no longer a spelling problem; it must have two rs as in current,

~ditcan't end in -ant or it would mean with a raisin. Conversely, knowing the
. gs of common roots may qualitatively and profitably change one's under-

dingof other words in their derivational family. Thus, learning thatfid means

'or ,"faith" may significantly alter and connect one's understanding of words

asconjidence,fidelity,fiduciary, and bonafide; discovering that path means

. (:ring';may alter and connect one's understanding of words such as sympathy,

'hopatiz,and pathologist. Moreover, a well-developed sensitivity to morpho­
cluesmay be useful for inferring the meanings of new words.

TheMeaning Processor},
The inner workings of the meaning processor appear similar to those of tJ1eor.;;' ,

thographic processor. In particular, the units in the meaning processor apparent-,;
Iy do not correspond to whole, familiar words. Instead, just as the spellirtgs of· ••.

familiar words are represented in the orthographic processor as interassociatedY"

sets of letters, their meanings are represented in the meaning processor asintefl"'!
associated sets of more primitive meaning elements. It is this piecemealMtllre oV,>

word meanings that all0'vVsus to focus on one aspect or another of a wordisfulL

meaning as appropriate in context. In addition, it enables us to acquirethe'hlean"ii

ing of new words gradually by encountering them il) context. ,;i'i.,",.,

Learning New Word Meanings From Context., Suppose that, whiIerl)adWg••'
a story, a child encounters a word that he or she has neither seen nor heard befo%",
As usual, the spelling and pronunciation of this word will be shippedautomatir",

cally to the meaning processor, but because the word is entirely unfamiliar, itcan;!
not in it'3elf evoke any particular meaning. Instead, when the word reaches t1l~c

-meaning processor, all it will find is the pattern of activation provoked by the..'!

':,ontext processor. This pattern may be more or less diffuse, depending on hoW,;;

tightly the context has anticipated the unknown word,;.Nevertheless, when the OXzii'

'1fiographic pattern meets these activated meaning units, a bond will begin tofolJIl,
between them.

The impact of such an incidental learning experience is expected tobe,/

small: Context is rarely pointed enough to predict the precise meaning of a word.,...••...
On the other hand, it's a start. When the same word is encountered again, it will.",.
meet whatever was learned from the prior context Ius the meaning setoffbi'!"

the new context. Wherever t e meaning units of the old and new E9ptexts 0\1e{;'

~, they will become more strongly associated withone another and with)IW/Y
Olthographic and phonological representations of the word. Given a numberof

encounters with this word over a variety of different contexts, the units that are,. ,',

reinforced most often will be those that belong to the meaning of the wordi~-:

self. In this way, the word may eventually be learned well enough tocontribute')i
independently and appropriately to the meaning of a text, if notto ,~lIo\Vtll~;"
child to generate a well-aIticulated dictionary definition. 'c ,or

Although important, such learning from context is inherentlygradualan4.
imprecise. The likelihood that a child willieam the meaning of a wordJrom asin

gle exposure in'meaningful context ranges from5%i:O 20% (Nagy, Ahdetso
& Herman, 1987). By implication, the extent of such incidental vocabulary!lG

quisition depends strongly on the amount a child reads. The average fifth grll',

is estimated to read about 1 million words of text per year: 650,000 out ()fscg(J!

and the rest in school (Nagy, Herman, & Anderson,1985). Of these w(Jrd,~
roughly 16,000 to 24,000 will be unknown (Anderson & Freebody,19&3)i[
Conservatively assuming a 5% chance of learning each, the resuItis ayoca~ularyl
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Iri'surnmary, the most important point of this section is that meaningful ex-

perienceswith words are important to the acquisition of the words' usage and
mterpretati6nas well as their orthography. The best way to foster children's vi­
,syalvoC~1:Iulary-.:'aswell as their larger literacy growth-is to have them read

~frequentIy,broadly, and thoughtfully as possible. It is not merely that such
.readingresults in vocabulary growth but that, more important, it affordschiI­

;drentheconceptual and linguistic experience that at once enable that growth~dJl1ak:eit worthwhile.
C),',;()', :,'1·:

Th.ePhono/ogical Processor

~l)litionsuggests that visually familiar words can be recognized immediately
anddirectly by sight, with no need for sounding out at any level. Consistent

\yiththis,research affirms that skillful readers do not depend on phonological
\i~nstationsfor recognizing familiar words (see Spoehr, 1981). On the other

.hand,skilifu1readers automatically and rather irrepressibly seem to produce such

trlUlslationsanyway(Perfetti, Bell, & Delaney, 1988; Tannenhaus, Flanigan, &

Seidenberg,.1980; VanOrden, 1991). Far from being unnecessary, the phono­
199icalloopprovides invaluable SUpport to the reader. First, it provides a redun­

diwtprocessin route-a back-u system-for the ortho ra hic rocessor.
md, it provides critical support for the comprehension process as it effec-

~ses t~ reader's running memory for text. Without the added ass};
of the phonological processor, even the most skillful readers would find

.,eroselvesfaltering for fluency and comprehension except with the easiest text.

:',Ii As with the other processors, the phonological processor is seen to con­

,~ua complex network of units. The auditory image of any particular word,
syllable,or phoneme corresponds to the activation of a particular, interconnect­

~setofthose units (McClelIand& Elman, 1986). Figure 1 shows how readers'

illologicalknowledge and processes are related to the rest of the reading sys­
. I,Noleespecially how the phonological processor is connected in both direc­

fpustathe orthographic processor and the meaning processor. The arrow that

~p$.Jromthe orthographic to the phonological processor indicates that, even as

. ltthographicprocessor begins to resolve the image of a string of letters, it re­

s'timulationtocorresponding units in the phonological processor. Meanwhile,
ivation of a word's pronunciation will, in turn, pass stimulation to its
19, as symbolized by the arrow running from the phonological to the mean­

mcessor.In this Wa the connections th he honolo ical rocessor

idea means for identifying words that. although visually unfamiliar, are.iQ
'eader'sspeaking or listening vocabulary. Yet that is only their most imme­
and obvious advantage.

the extent that any word is both orally and visually familiar, this process

, - thiltthe ~~p:.ro:::.c::e::::s:.:::so~r:..:w~il~lwr~e""ce""icLve~ac~ti~·v~a""ti""o~n..•.f~rQ~m_·_b~Q_th~t~h~e.'of'p=h=on=o~I""o,~
andthe orthographic processor. As these contributions support and interact
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All such advantages notwithstanding, research demonstrates thataduIt:

readers of English are surprisingly oblivious to the morphological structure()

words (Kaye & Sternberg, 1982), and efforts specifically intended to teachchil~)
dren about the derivational morphologies of words have yielded mixedfesults':

(Johnson & Baumann, 1984; Otterman, 1955). Although such lessons haYebeen\;
shown to increase children's proficiency with both the spellings and meani '.

of the words studied, they have produced little increase in their ability to inte'
new derivationally complex words.

In the end, it may be that such morphologically based insights nevel-com:!:!

automatically but only through deliberate search. Perhaps the wordsmiih'saM

vantage is principally strategic; he or she has learned to examine each new W("

for familiar parts and to think about their implications with respect to the WOf!,

usage and meaning. If so, then perhaps the objectives of our lesson~ onderi"
tionally complex words should be rethought. Perhaps instead of teaching chil

about any particular sets of roots or affixes, our objective should b~ one of de·:

~ng children's awareness of word structure and their inclination to loo~'fot

;:nd think about such relations in new words. "....<.·:;iii

As an inspiring example of the promise of this approach, I referyoutp~
monograph by O'Rourke (1974). As O'Rourke led his students to makeah~~n

of seeking, comparing, contrasting, and categorizing the meanings and spelli~';';'

of complex words, their measurable vocabulary scores increased quite dr. .L

cally. In addition, showing that these lessons had affected not just their knowledg~i
of particular words but also their thinking about them, the children tended toete;,:

ate new words to suit their expressive needs while writing-for example,jeeton

(hurler), tmeted (pulled, hauled), audiet (someone who likes to hear records),ill:":
tmction (pulling from within), solarscope (sun viewer), phonomatic (somet'·

that makes sounds by itself), astrometer (a device that measures stars).

some of these words are endearingly funny, others are soberingly legitimate. \

In any case, it also may be wise to recognize that word roots and syllabiy,

units rarely coincide. In terms of syllables, for example, the word informmion'

may be parsed into in-for-ma-tion; in tenus of morphemes, it isin-form.adqQii'
Research has demonstrated that the spelling pattems to which children are asked.....

attend during instruction significantly influence the patterns to which they do
tend during word recognition (Iuel & Roper/Schneider, 1985). Researchals&i

dicates that, for purposes of facilitating word recognition, it isfamiliarity wi

patterns that occur in a large variety of words that is most helpful (Juel,198

Thus, while appreciation ofthe fonn in infornwtion might shed light on its d

meaning, familiarity with the for will help a reader read more words: The su,

tion is that even when and if the worth of lessons on derivational m()rPholog
flfmly demonstrated, such instmction may nevertheless be best postp()neduntil

er years of schooling.
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hanmapinstantly, effortlessly, and accurately from sight to meaning oulyto the
xtentthafits unique, ordered sequence ofletters has been visually learned and

,erleatned through experience. The problem is that printed words vary enor­
Juonslyin'their frequency and, therefore, in their visual familiarity to a reader.

1!c 'Analyses of the everyday reading matter of adults reveal that the vast ma­

ihrityofpant consists of relatively few, very frequently occurring words (Kucera

,~'F,,,,",iJi,1967). Becan,e each of these Worn, is hIghly fmuiliar to the skilled

~':acllis recognized quickly und easily: Howey." O,ese oft-repeated Worn.
accQuntf6rbut a small fraction of the number of different words readers en­

t?unt~r:The vast m1tiority of distinct words in print are relatively infrequent­
'~ccllrringless than once in every million words of running text. Because these

[%~•.•.•'" l'lliily seen, the read.,' S vi,nnl familiarity with illest of them must
,eielati~ely weak and incomplete-often too weak and incomplete to support

~eperc~ptuaIspeed and automaticity on which comprehension depends.

}" " 'yyon! Counts of children's reading materials reveal a similar pattern. Fifty

percent C!fthe print they are likely to see, in school and out, is accounted for by

RWYIP~,?ifferentwords, 90% by only 5,000 different word,s (Carroll, Davies,
~;RicJm1an,.197l).It is reasonable to suppose that not too far into their school­

Wg,mostc~Hdren will be quick to recognize most of these words by sight. But
M?'rarr~~eY,.tocope with the tens of thousands of other words they see? It will

iO,t dp to.skip such words or guess at their identities. Although the coherence of

.~'ie~tdepends strongly on its frequent words-it, that, this, and, because, when,
'~~ile,lU1dw on,--..theinformation in a text depends on its less-frequent words­

qqqtor,jever,injection, medicine, penicillin, Alexander Fleming, melon, mold,
iWson, b{lcteria,antibiotic, protect, genns, and disease, for example. For skillful

:~;!v:r~ders;automaticphonological translations provide a back-up system for rec­

:m.,ognizingvisuallyless-familiar words. As a consequence of the alphabetic prin­
~iple,syllables are represented by frequent spelling patterns. For the skiUful

~~der,therefore, even if a word as a whole is not visually familiar, fragments of
i.~spe11ingmost certainly will be. Because of the reader's spelling-sound asso­

ciations,these s eHing patterns will be translated automatically to their phono~

Jogicalequivalents.lfthe word is in the reader's s eaking or listening Voea u ary,
;Wptonunciationwill in turn evoke its meaning. In this wa , even the occasion­

'er"befote-seenW.or may be read and understood with little or no outward
orfeeling of difficulry.

'i.Theautomaticityof skillful readers'spe11ing-to_sound translations en­

thatthose many Words of marginal visual familiarity will be recognized
jhe e1l.seal1clspeed requir~d for :fluent reading comprehension. Further, as

,. ....

phonologicaltranslations serve to turn on both the word's meaning and its

ing,each encounter with the word strengthens direct speUing-to-meaning, tions!

Phonological Translation and Fluent Word Recognition. AsshQW'ii'

Figure 1 and supported by our intuitions, phonological transfaiioiii8I1oiw~~

necessary for word recognition. As reflected by the direct connection~ Qf:tweei

the orthographic and meaning processors, visually familiar words canb,e(r.y~
ognized and understood with no need of phonologicaltrapsl<ttion.Yet!w:worl

with one another, they serve to ease and speed recognition ofthe word;;F)Jrther,as.;;(
the response of the meaning process ods strengthened and focused,sotoo,i&Jh~i!i
activation that it passes back to the other processors......,..andthe .st:ronge.rth~feei1;f)

back, the greater the learning. Thus, the contributions of the phonologicalproces,:i
sor act to hasten and consolidate the direct connections between all the roceSSOI!lj;

and t at mcludes the direct cormections between sight and meaning.'· ' ";";\';');"'1

- The connections running from the phonological processoribackto,the,Qr~!i

tho graphic processor are equally important in supportingvisualleal'ning~j'
Specifically, where the efforts of the orthographic processor arouse pronounp~
able responses in the phonological processor, the phonologiCalptoce~sor:wl"
reciprocally send excitation right back. In this way, the feedbackfro1lJ. the pho!!f

logical processor provokes the orthographic processor to attendfoJetters'th&,.,

might otherwise be overlooked, even while helping it glue the whole,coir~ctl~

ordered string together. The prior knowledge and constraints offeredby:th,e'
phonological processor play an indispensable role in helping young reader~w(

ganize, consolidate, and remember spelling patterns visually,,;,,;

Finally, note that there is also an arrow running from therrieaning proCes~'i
sor to the phonological processor in Figure 1. Because ofthisconnectidrr,),t~~f:

activation of a word's meaning will send stimulation to, the,PhoJlCllogicatJinj~'
corresponding to its pronunciation. The reader's tendency to translati'ptin~t9~'

speech is thus doubly stimul~tecl, both fr~m theword's~peIUngandfrolllits'm~~~f,:
ing. This is one reason that phonological translation of print iss6autom~ti~s

and beyond that, it completes the circularity and feedback of the system inbotli'.
directions. It is this circularity and feedback that ultimately underlies the auto- '

mati city of the word-recognition system. Because of this circularity, theire?

sponses of all the processors speed and support one another whetever theyiite'

consistent; wherever they are inconsistent, they are autorhatical1ycorrcctedbt!
flagged for special attention. ;' '

The phonological processor has two other features thatsetit apart:fl'()1lI'
the others. First, like the orthographic processor, the phonologicalprocess()r'acL '
cepts information from the outside, although the information itaccepts isspeedi.!

(The orthographic processor remains the only one to receive informationllirepP

ly from the printed page.) Second-and this turns out to bean important ass~tr
reading-the knowledge represented within the phonological processorClmo
activated at will. We can speak, subvocalize, or otherwise generate speeClFil
ages whenever we wish.



Phonological Translation and Comprehension. As it turns out, th.eyaluepf,'
automatic phonological translations extends beyond their service to the W(jrd;<
recognition process. Specifically, the language comprehension systemisdesign.~,

to work with whole, cohesive grammatical units-whole phrases orseJ)tenc~~,'il
at once. Whether in listening or reading, the process through which it does soi~,

much the same (Jarvella, 1971; Kleiman, 1975). In either case, the words of alIl,~;.t.
sage are presented and perceived one by one. And although they aretent~tiyelyui~:. - . . '. ,'-;.<- ..,-',", '<. ,\,~','

terpreted on the fly, they are fully digested only afterward, whenthe,~lal,ls~;()

sentence is complete. In mystical deference to this process, speakersd~()p,t,~ '

pitch and pause at the end of every sentence; by dropping their pitch,tlIey>,
their listeners know that it's time to interpret, and by pausing, theY,affo~dt!l~J

listeners time to do so. Mimicking this rhythm, skillful readers are fo~ndto'lll~<:h
their eyes through all the words of a sentence from beginning to end, an<l,wllin"

they reach the period, they pause and think (Just & Carpenter, 1987)"11"';\;;':;':
Again, it is during these end-of-sentence pauses that listeners orreadersac;'

tively construct and reflect on their interpretations, that they workout thefol­
lective meaning of the chain of words in memory and that meaning;~contributi~n

to their overall understanding of the conversation or text. Yet in orderfor'ili.i~
interpretive process to succeed, the whole clause or sentence lllllst still ei!~I.
more or less intact, in the listener's or reader's memory when sheo~he isreiti':
to work on it. So what does this have to do with phonological translationsi

lot. Whereas the visual system is designed for encoding spatialpritterrii~
transitions, the auditory system is designed for remembering ordered ten:ipo;'~

patterns of information. Thus, by thinking or speaking the words to' themsel~es,'

skillful readers effectively extend the longevity and holding capacityoftheifyeF
batim memory. Preventing skillful readers from subvocalizingdoes notinipmf

their ability to interpret single familiar words or simple sentences;ontheQthet
hand, it severely disrupts their ability to remember or comprehend long orcomple~".

sentences (Baddeley, 1979; Levy, 1977, 1978; Waters, Caplan, & 1-lildebrand~,
1987). In keeping with this, you may notice that your own tendency tosuh\
vocalize becomes more noticeable when you are trying tei readsentence.sthil

are especially long and difficult. ':"
Even though this particular advantage of phonological translation hasn9t

ing to do with word identification per se, it points up one more reason thes

and effortlessness of the word-recognition process is so important. AuditorYJ

ory is highly sensitive to the pace with which information ardves(Dewp

1981). If it takes a child too long to identify successive words, the beginnin-!
sentence will fade from memory before the end has been registered, Fu

~ere a child IS actively engaged in sounding out individual letters ands
the phonological processor is necessarily unavailable forretaining the
of clauses. (For a discussion of the trade-offs between processing aM stor,

mands in the reading situation, see Daneman & Tardif, 1987; .

1 ')':1.\1 Ad"m .•

Phonological Translations: A Once-Over. In sum, phonological transla­
jipnsare subservient to both reading and learning to read in a number of different

ways.Most obviously, the capacity for phonological translations underlies the

,;abilityto "sound out" new words. Less obvious but of equal importance, where

sounding out process is reasonably fast and efficient, it serves powerfully to

hastenthe word's visual acquisition. Moreover, the benefits of this basic ability
;arenoless valuable for mature readers than they are for beginners. In particular,
ileosuresthat those many, many words of known meaning but limited visual

familiaritycan be recognized with the ease and speed required for reading with;tlljencyand comprehension.

ill' In this vein, it is worth noting that of the thousands upon thousands of dif­

erentwords that a skillful reader is expected to know, the vast majority are en­
cQunteredvery rarely. The person with an average daily diet of print would be

luckytohave seen many of these words even once in a whole year's worth of read­

ing. HoWmany of these words would you lose, how many would fade away or blur
together;if you depended on the strength and completeness of your visual memo­
',alone?Finally, research shows that IQng and complex sentences cannot be un­

,,~stood.withoutthe mnemonic support gained through phonological translation.
:'< ..The capacity for rapid, easy phonological translation has sometimes been
~missedas superfluous, optional, or even as a misguided or dysfunctional di­

.. 'on of effort. Against these notions, insensitivity to the sounds of speech
difficultiesin relating them to letters and spellings are found to be the single

·lllostfrequenthole in the reading and language abilities of disabled readers of all

ages(for reviews, see, e.g., Brady & Shankweiler, 1991; Carr & Levy, 1990;
Stanovich,1986). When given special instruction on breaking words into sounds

.andrelatingsounds to spellings, such readers generally do improve-sometimes

atiCal1y(BIachman, 1987; Williams, 1979, 1980). Despite such help, how­

ever,Bruck (1992) has shown that, for many dyslexics, a core difficulty with

spellingsand sounds persists even into adulthood-and alongside, their readingcOntinuesto be slow and effortful.

" .In princ;iple,the letters of an alphabetic script represent the phonemes of its

.ge,Because of this, learning about spelling-sound relationships in a way
isusefulforreading depends on phonemic awareness; that is, it depends on

.'nsciousrecognition that the sounds of words can be represented by a rela­
elysmallset of articulatory gestures, the phonemes.

:!i'Phonemicawareness is not natural. Instead, the ease with which people can
~onscious access to their phonological knowledge ranges broadly and
sto bedetermined, in part, by heredity (Olson et at., 1990). It is because of

fficulty forso many children that solid attention to the development of
micawareness is so vital a component of the preschool and primary class­
Moreover; the pressing issue for the field of dyslexia at this time is the

to which the elusiveness of its cure derives from the difficulties of trying

Modeling the Connections Between Word Recol!nitinn and R"nriino 1 'no
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Summary
Relative to the overall literacy challenge, learning to recognize words really isi
very small component. Yet it is also wholly necessary. In the end, the print onthi
page constitutes the basic perceptual data of reading. Rather than diverting effort

in search of meaning, the reader's letter- and word-wise processes supply the

text-based information on which comprehension depends. As fluent readers;
move quickly and easily through the print, literal comprehensionautomaticallf
unfolds apace.

But neither is literal comprehension the goal of reading. The full inte

tation of acomplex text may require retrieval of particular facts or events

were presented many pages earlier. It also may require considerationofkn0y/1t
edge and construction of arguments that are entirely extraneous fo the text;~~
it certainly requires the critical and inferential activities necessary for put'
such infoilllation together.

To be sure, it is this level of interpretation that we think of as truetind

standing. Yet interpretation at this level is not automatic; it requires activ~;,
tention and can only be as fruitful as the effort and quality of thought thatreaderS

invest in it. But the effort and thought that readers can invest depends, intunJl
on the ease and completeness with which they have executed the levels thatsuit

port it. Deep and ready working knowledge of letters, spellingpatterns,anW
words, and of the phonological translations of all three, is of inescapableintp~fi
tance to both skillful reading and its acquisition-not because it is thebe~all
the end-all of the reading process, but because it enables it.
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